Purpose. Staphylococcus argenteus is a novel emerging species of coagulase-positive staphylococcus that is genetically closely related to Staphylococcus aureus. To elucidate the molecular differences in the virulence factors (staphylocoagulase, protein A, alpha-haemolysin, enterotoxin-like toxin and staphylokinase) between these staphylococcal species, S. argenteus that had recently been isolated in Myanmar (five nasal isolates and four clinical isolates) were analysed.
INTRODUCTION
Staphylococcus argenteus is a novel coagulase-positive Staphylococcus species that has recently been defined within S. aureus complex (SAC) [1] . This species cannot be distinguished from Staphylococcus arueus by conventional microbiological identification methods and has an identical 16S rRNA gene sequence to S. aureus. However, S. argenteus shows relatively low genome sequence identity (87 %) to S. aureus, which is associated with evident sequence differences in the thermonuclease gene (nuc) and the nonribosomal peptide synthetase (NRPS) gene, and the presence of a clustered regularly interspaced short palindromic repeat (CRISPR) in some clones [1] [2] [3] . Phenotypically, this species exhibits white (non-pigmented) colonies due to the lack of the operon encoding carotenoid pigment, staphyloxanthin [2] .
S. argenteus was not identified until 2015, although a predominant community-acquired methicillin-resistant S. aureus (CA-MRSA) clone belonging to clonal complex 75 (CC75), which was later assigned to S. argenteus, was detected in the Northern Territory of Australia from 2004 to 2005 [4] , and the earliest ST75 S. aureus was described in 2002 [5] . The type strain MSHR1132 isolated from blood culture in Australia belongs to ST1850 (CC75) and harbours the type IVa SCCmec element and the CRISPR/CRISPRassociated (Cas) (CRISPR/Cas) locus [2] . Outside Australia, S. argenteus represented by CC75 has been increasingly reported in other Oceanian countries (New Zealand [6] and Fiji [6, 7] ), Southeast Asia (Thailand [8, 9] , Laos [10] , Cambodia [11] and Myanmar [12] ), China [3] , Japan [13, 14] , Europe (Belgium [15] , France [16] , the UK [8] , Denmark [17] and Sweden [18] ) and South America (French Guiana [19] and Trinidad and Tobago [20] ). In addition to CC75, various STs (clonal complexes, CCs) have been identified for S. argenteus, including CC1223, CC2198, CC2250, CC2483, CC2596 and CC2854, among which CC2250 (ST2250) shows widespread geographical distribution [8, 9, 17, 21, 22] .
The diseases and symptoms of staphylococcal infections are associated with various toxins and virulence factors, including enterotoxins, TSST-1, exfoliative toxins, PantonValentine leucocidin (PVL), etc. that are produced by bacterial cells [23] . It was revealed via whole-genome analyses that S. argenteus harbours the most virulence factor genes of S. aureus without a significant difference in their prevalence [21, 24] . S. argenteus has been identified in isolates from community-acquired skin and soft tissue infections [4] and hospital-acquired and invasive infections [2, 9] , as well as food poisoning outbreaks [13] . In contrast, asymptomatic carriers of S. argenteus with or without PVL genes were also reported in Myanmar [12] , and isolation of this species from animals has been reported for African great ape [25] and fruit bat faeces [26] and rabbit abscesses [27] .
Although genomic information for S. argenteus has been accumulating rapidly in recent years, the genetic characteristics of individual virulence factors for this species and the differences from S. aureus which may alter their genotypes/ virulence traits have rarely been analysed, and this particularly the case for staphylocoagulase (SC), protein A and alpha-haemolysin, which are generally present in SAC. SC, a major phenotypic determinant of S. aureus, causes the coagulation of plasma via specific binding to prothrombin. SC is serologically and genetically divergent, and at least 13 SC genotypes (coa-types) and subtypes have been classified based on N-terminal divergent regions [28, 29] . Protein A is a cell surface molecule that has binding activity to the Fcg domain of human and animal immunoglobulin G (IgG), supporting the evasion of the host immune response [30] . Alpha-haemolysin is a secretory protein that binds to human blood cells and endothelial cells to form transmembrane pores, and this is related to invasive diseases in healthy individuals [31] .
In the present study, we analysed genotypes/genetic groups and the genetic characteristics of the virulence factors in S. argenteus isolated in Myanmar from healthy individuals and clinical specimens, together with published genomic data for S. argenteus strains, and compared them with those for S. aureus to understand the genetic evolution of and differences between the two species. The results of this analysis revealed novel SC genotypes, as well as unique genetic traits of protein A, alpha-haemolysin and the enterotoxin-like genes of S. argenteus which are distinctive from those of S. aureus, suggesting different evolutionary features for the two species.
METHODS

Bacterial isolates
The nine S. argenteus isolates listed in Table 1 were analysed. Five isolates had been isolated from 144 presumptive S. aureus isolates derived from the nasal cavities of 563 healthy food handlers that had been examined in an occasional hygiene check-up performed on a voluntary basis by hotels/restaurants from November 2012 to January 2014 [12] . The remaining four isolates were derived from clinical specimens (wound swab, pus and blood) and identified among a total of 137 isolates (detection rate, 2.9 %) that were assigned to S. aureus by conventional bacteriological methods during the 15-month period from January 2017 in the Pinlon Hospital, Yangon, Myanmar. Clinical specimens were inoculated onto blood agar and mannitol salt agar plates followed by aerobic incubation at 37 C for 24-48 h. The S. aureus isolates that had been identified by conventional microbiology methods such as colony morphology, Gram staining, the catalase test and the coagulase test [32] were stored in Microbank (Pro-Lab Diagnostics, Richmond Hill, ON, Canada) at À80 C and recovered when they had been analysed.
Initial genetic analysis and identification of S. argenteus All of the isolates (the 144 presumptive S. aureus isolates from healthy nasal carriers detected in our previous study [12] and the 137 presumptive S. aureus isolates derived from various clinical specimens) were examined for the presence of staphylococcal 16S rRNA, nuc, mecA, PVL genes (lukS-PV/lukF-PV) and ACME-arcA (arginine deiminase gene) using a multiplex PCR assay as described by Zhang et al. [33] . PCR was performed for the nonribosomal peptide synthetase (NRPS) gene with the primers nrps-F and nrps-R described by Zhang et al. [3] for all of the presumptive S. aureus isolates for the discrimination of non-S. aureus SAC (S. argenteus/Staphylococcus schweitzeri) from S. aureus by product size. Further, to confirm the staphylococcal species, the full-length nucleotide sequence of the nuc gene was determined by PCR with specific primers (Table S1 , available with the online version of this article) and direct sequencing, followed by alignment with the nuc genes of S. aureus and S. argenteus using the CLUSTALW program. The nucleotide sequence of orfX and the subsequent CRISPR/Cas locus of all the S. argenteus isolates except TD162 were determined by PCR and direct sequencing by using the primers listed in Table S1 . The sequences of the nuc and CRISPR/Cas of the TD162 strain were determined in our previous study [12] .
Antimicrobial susceptibility testing
The minimum inhibitory concentrations (MICs) were measured by the broth microdilution test against 18 antimicrobial agents (oxacillin, ampicillin, cefazolin, cefmetazole, flomoxef, imipenem, gentamicin, arbekacin, erythromycin, All of the isolates were susceptible to arbekacin (ABK), cefazolin (CFZ), clindamycin (CLI), cefmetazole (CMZ), erythormycin (ERY), flomoxef (FMX), fosfomycin (FOF), cefoxitin (FOX), gentamicin (GEN), imipenem (IPM), levofloxacin (LVX), linezolid (LZD), minocycline (MIN), oxacillin (OXA), sulfamethoxazole/trimethoprim (SXT), teicoplanin (TEC) and vancomycin (VAN).
The following genes were not detected in any strain: lukM, LukDE, hlg, hlg2, sea-seu, eta, etb, etd, tst-1, ednA, ednB, cna, fnbB, ebpS, fib, clfA, icaD, bbp, bap, scn and chp. None of the strains had
)-Id, and femA/femB. *NT, nontypable. The spa repeat unit profiles are shown in Table S3 . †SLV, single-locus variant. ‡PVL genes were detected in an isolate of TD162 and had been confirmed as being located on the FPVL phage in our previous study [12] . , Staphylococcus spp.) [35] and a unique breakpoint (ABK, 4mg ml À1 , which is higher than the 2 mg ml À1 defined by the Japanese Society of Chemotherapy for respiratory infection) were used [36] .
Genetic typing and detection of virulence factors and drug-resistance genes
The sequence type (ST) was determined according to the multilocus sequencence typing (MLST) (https://pubmlst. org/) [37] scheme, and the obtained ST data were further analysed by eBURST to determine their clonal complex. The spa type based on the sequence of the protein A gene Xregion was determined by PCR and sequencing was performed as described previously [38] using the Ridom SpaServer (http://spa.ridom.de/index.shtml). The SC genotype (coa-type) was determined for all of the S. argenteus via multiplex PCR by using previously described primers and conditions [39] . The nucleotide sequence of the whole SC gene (coa) was determined as described previously [40] . The sequence identities of the D1 and D2 regions and the central (C) region of SC to those of established coa types were analysed using the Basic Local Alignment Search Tool (BLAST, http://blastn.ncbi.nlm.nih.gov/Blast.cgi). Pairwise alignment of the nucleotide and amino acid sequences and calculation of the identity of the D1 and D2-C regions of coa were performed using the LALIGN server (https://embnet.vital-it.ch/ software/LALIGN_form.html). The presence of 23 staphylococcal enterotoxin (SE) (-like) genes (sea-see, seg-selu, selw, selx and sely), the TSST-1 gene (tsst-1) and exfoliative toxin genes (eta, etb and etd), adhesin genes and drug-resistance proteins were analysed by multiplex or uniplex PCR using previously described primers and conditions [12, 41] .
Sequence and phylogenetic analysis of virulence factors
The nucleotide sequences of the virulence factor genes (SC, protein A, alpha-haemolysin, SE-like toxins and staphylokinase) were determined by PCR using primers designed in the present study (Table S1 ) followed by Sanger sequencing using the BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, Foster City, CA, USA) on an automated DNA sequencer (ABI PRISM 3100). Phylogenetic dendrograms of these virulence factors and SC genes (D1, D2 and C regions) were constructed by the maximum-likelihood method using MEGA6 software. The dendrograms were statistically supported by bootstrapping with 1000 replicates. The CLUSTALW program was used for multiple alignments of the nucleotide and amino acid sequences of the virulence factors. For the phylogenetic analysis and multiple alignment of S. argenteus genes in the present study, sequence data for the S. aureus and S argenteus strains that were available in the GenBank database were also employed for comparison. For these analyses, we selected various strains belonging to different genotypes or genetic groups [coa-type and/or ST (CC)] and from different countries to include representative clones of the staphylococcal species reported to date.
RESULTS
nuc gene and orfX-CRISPR/Cas locus Five colonizing isolates (TD13, TD162, TD168, TD171 and TD172) and four clinical isolates (S65, S70, S163 and S174) had a nuc gene comprising 669 nucleotides, which is identical to that of S. argenteus strains MSHR1132 and BN75 [2, 25] , but shorter than that of S. aureus strain MSSA476 by 18 bp. The alignment of the nuc gene sequences indicated that the S. argenteus nuc had three additional nucleotides and a 21-bp deletion, as compared with S. aureus (Fig. S1 ). The nuc genes of nine isolates from Myanmar showed 99-100 % identity to those of the S. argenteus strains (MSHR1132, BN75, XNO62 and XNO106) and 82 % identity to the S. aureus nuc gene. Only isolate S163 had an identical nuc gene sequence to BN75.
All of the S. argenteus isolates from Myanmar were negative for mecA and ACME-arcA. Eight isolates (with the exception being S163) had a CRISPR/Cas locus between orfX and the dihydrouridine synthase gene, as seen in strain MSHR1132, without SCCmec IVa (Fig. S2) . Similar genomic organization was found in S. argenteus strains XNO62 and XNO106 [42] by BLAST search. In contrast, only isolate S163 lacked CRISPR/Cas, but its sequence in this region was almost identical (99 % identity) to that of strain BN75.
Genotype assignment
Among the nine S. argenteus isolates, six isolates belonged to ST2250, while the others belonged to ST4625 (a singlelocus variant of ST2250), ST2198 and ST2854. The ST2250 and ST4625 isolates were classified into spa types t5078 or t10900, with a similar spa-repeat profile to t5078 (Table S2) . Because the coa type of S. argenteus isolates could not be assigned to I through X by the multiplex PCR method, the sequence identities of the D1 and D2-C regions to those of the established coa types Ia-XIIIa were analysed. According to the criteria proposed by Watanabe et al. [43] , coa genes showing >90 % sequence identity in the D1 and D2-C regions were assigned to the identical coa type and subtype within the coa type, respectively. The D1 and D2-C regions of isolate S163 showed less than 86 and 89 % identity to the 13 established coa types, respectively, but 100 % identity to S. argenteus strain BN75 [25] , for which the coa type has not yet been described (Table 2) . Therefore, novel coa type XIVa was created and assigned to S163 and BN75 in the present study. The D1 region of the remaining eight isolates The sequence identities of the SC gene (D1 and D2-C regions) of S. argenteus isolates from clinical specimens (S65, S70 and S174) and nasal cavities (TD13, TD171 and TD163), and also the BN75 strain (GenBank accesson no. CP015758), were analysed with those representing coa types Ia-XIIIa. Isolates TD162, TD168 and TD172 were not included in this table because their staphylocoagulase sequences are identical to that of S65. Sequence identities of >90% are shaded. *ND, not described in the published literature or the GenBank database.
had 91.4-93.4 % identity to coa-XI subtypes a-c, while their D2-C regions showed 72.3-79.1 % identity (Table 2) . Further, the eight isolates showed 93-100 % identity to S. aureus strain Tokyo 13 310, which was reported as a 'coa-XI-variant' [14] and S. argenteus strains XNO62 and XNO016, whose coa types have not been assigned [42] . Therefore, together with these strains, the eight S. argenteus isolates from Myanmar were assigned to a new subtype of coa XI, i.e. coa-XId.
Detection of virulence factors, drug-resistance genes and susceptibility PVL genes (lukS-PV-lukF-PV) were only detected in one isolate (TD162) from the nasal cavity, as reported in the previous study [12] . Alpha-, beta-and delta-haemolysin genes (hla, hlb, hld) were detected in all of the isolates ( Table 1 ). The SE-like gene selx was found in seven isolates, while selw and sely were detected in one isolate each. However, all other SE genes (sea-see and seg-seu), the exfoliative toxin genes (eta, etb and etd), tsst-1, the leucocidins (lukM and lukDE), haemolysin (hlg and hlg2), the adhesins (ebpS, ednA, ednB, fib, clfA, fnbB, icaD, bbp, cna and bap) and the modulators of host defence (scn and chp) were negative. A staphylokinase gene (sak) was detected in seven isolates. Five adhesin genes (fnbA, sdrC, sdrD, sdrE and icaA) were seen in all the isolates. The drug-resistance genes blaZ and aph(3')-IIIa were detected in eight and nine (all) isolates, respectively. The eight isolates were susceptible to 17 of the antimicrobials tested, with the remaining isolate (S65) showing susceptibility to all 18 antimicrobials tested by dry plate, although high MICs to ampicillin (>4 µg ml
À1
) and kanamycin (>512 µg ml À1 ) were observed for eight and six isolates, respectively. Fig. 1(a, b) shows phylogenetic trees of the SC gene sequence encoding the D1 and D2-C regions, respectively, from S. aureus strains with established coa-types and S. argenteus with different STs [17] . The D1 region of coa-XI, including S. argenteus isolates from Myanmar and strains XNO62 and XNO016, formed a single cluster that was distinct from the other coa-types. A cluster of three coa-XIV S. argenteus isolates (S163, BN75 and M260_MSHR) belonged to a same lineage as that of coa-Va. The other S. argenteus strains were grouped into three distinct lineages, the coa-XII cluster and two clusters comprising CC1223 strains (D7903, SJTU_F20124 and M051_MSHR) and ST2793 strains (M5200 and H1955). Although these CC1223 and ST2793 S. argenteus strains were found to be close to coa-VIa and coa-IIa, respectively, the sequence identity of the D1 region to strains Stp-12 (coa-VIa) and 213 (coa-IIa) was 89 and 86 %, respectively. Therefore, coagulase genes of these isolates may be assigned to presumptive novel types (XV and XVI, respectively; Fig. 1a) . In contrast, the D2-C regions of all the S. argenteus isolates of coa-XId, XIIa, XIVa, and presumptive XV and XVI clustered in a single phylogenetic group, with a few S. aureus isolates. The deduced SC amino acid (aa) sequences of eight coa-XId isolates were almost identical in the D1 and D2 regions, while differences were found in the aa number in the C region and the repeat number of the 27-aa unit (3, 4, 5 repeats) in the repeat region (Fig. S3) . Two coa-XIV isolates (S163 and BN75) showed identical SC aa sequences, with six repeat units (Fig. S4) .
Phylogenetic analysis of virulence factors
The protein A gene (spa) sequences of S. argenteus were highly conserved, with 96-100 % identity, while showing 88-91 % identity to those of S. aureus (data not shown). Phylogenetically, all of the S. argenteus isolates clustered in a single lineage (spa-IV) that is distinctive from the S. aureus lineages (spa-I, II and III) that were classified previously [44] (Fig. 1c) . All of the isolates from Myanmar and the previously reported strains (e.g. MSHR1132) had four immunoglobulin-binding domains (E, D, A and B) with identical aa sequences, while a difference was found in the repeat number of eight-aa unit in the X-region (Fig. S5) . Compared with S. aureus protein A, divergent amino acids in S. argenteus were located on the E, D and A regions (Fig. S6) .
The alpha-haemolysin gene (hla) of S. argenteus isolates/ strains showed extremely high sequence identity (>99 %) within this species, and 86 % identity to S. aureus (data not shown), while two lineages of hla were distinguished between S. argenteus and S. aureus (Fig. 1d) . The alignment of the alpha-haemolysin sequence (293 aa) revealed aa differences at 33 sites, among which 8 aa each (a total of 16 aa) were mapped to a signal peptide and stem domain. Other divergent sites were scattered to other domains, including the amino latch, b-sandwich and rim domains (Fig. S7) .
The SE-like toxin genes selx and selw in S. argenteus isolates S163 and TD13, respectively, were phylogenetically distinct from those of S. aureus, with 94-95 % identity, forming an isolated cluster (Figs 1e and S8) . Although the sely of S. argenteus and S. aureus exhibited >98 % identity, the phylogenetic cluster of S. argenteus was distinct from that of S. aureus (Fig. S9) . The staphylokinase gene (sak) of S. argenteus isolates from Myanmar had an identical sequence to that of strain MSHR1132, and showed 99 % identity to those of the S. aureus strains (data not shown).
DISCUSSION
The prevalence of S. argenteus reported to date varies among geographical areas/study populations and the type of infections. In northern Australia, CC75 S. argenteus accounted for 8 % of methicillin-susceptible S. aureus and 69 % of methicillin-resistant S. aureus (MRSA) isolated from skin infections of indigenous children [45] . Two separate studies in Thailand revealed an S. argenteus prevalence of 4.1 % among invasive staphylococcal infections [8] and one of 19 % for CA-MRSA causing sepsis [9] . In Laos, 6 % of presumptive S. aureus isolates from skin and soft tissue infections were identified as S. argenteus [10] . A lower prevalence of S. argenteus was described in eastern China (0.7 %) [3] , Belgium (0.16 %) [15] , Sweden (0.3 %) [18] and Trinidad and Tobago (1.7 %) [20] . In Myanmar, 2.9 % (4/ 137) of isolates assigned to S. aureus were identified as S. argenteus in the present study, and an isolate recovered from the nasal cavity of a healthy carrier was first described (0.9 %, 5/563) in our previous study [12] . Despite slightly lower identification rates and differences in the study settings, the prevalence of S. argenteus in Myanmar appears to be comparable to that in Thailand and Laos, suggesting that this species may be endemically distributed in Southeast Asia as well as northern Australia.
In this study, CC2250 (ST2250 and its SLV) was the most common among the four STs identified, and all but isolate S163 belonged to coa-XId and had a CRISPR/Cas locus. In contrast, only S163 was classified into ST2198, coa-XIV, and had a spa-repeat profile that was dissimilar to those of all other isolates. ST2250 has been found to be the most widely spread genotype among S. argenteus, and has been described as a dominant clone in Thailand [9, 22] and Denmark [17] , while ST2198 (CC2198) is recognized as a minor lineage [9, 17] . The genetically most well-characterized ST2198 strain is BN75, which was isolated from the faeces of a western lowland gorilla in Gabon [25] . Interestingly, strain BN75 closely resembles ST2198 isolate S163 from Myanmar, because both strains belong to the novel coa-type XIV and have an identical nuc and almost identical sequences in the orfX-downstream region lacking a CRISPR/Cas locus, which may suggest a geographically wide distribution of the ST2198 S. argenteus clone or its ancestral clone. The CRISPR/Cas locus, which is involved in defence against mobile genetic elements, is reported to be inserted into orfX exclusively in ST2250 and ST1850 (CC75) clones [2, 21, 22] . However, CRISPR/Cas-negative S. argenteus was reported in CC75 [14] . In this study, the CRISPR/Cas locus was not only detected in CC2250, but also in ST2854. Therefore, the CRISPR element is not a marker for ST2250/ST1850 and the acquisition/deletion of this element in the S. argenteus genome is suggested to be a multiclonal event.
The question of the difference in virulence between S. argenteus and S. aureus has been discussed in several studies. While a study in Thailand suggested that S. argenteus may be less virulent because of the lower prevalence of virulence factors and drug-resistance genes [9] , no evident distinction in clinical manifestations from S. aureus infections was observed in another Thai study [8] . Due to the lack of staphyloxanthin, which confers resistance to oxidative stress and neutrophil killing [46] , S. argenteus was hypothesized to be less virulent than S. aureus [2] . Reduced virulence of S. argenteus due to a lack of staphyloxantin was observed in a rabbit model [47] , but was not demonstrated in a murine model [45] . More importantly, whole-genome analysis revealed that there was no difference in the prevalence of virulence factors between S. argenteus and S. aureus [21, 24] , suggesting that these species have similar pathogenic potential. The presence of a SaPI-like element containing seb was suggested to increase the virulence of S. argenteus [17] . A food poisoning outbreak due to a seb-positive isolate was reported recently in Japan [14] . However, in this study, the S. argenteus isolates were negative for most toxin genes except for three SE-like genes, and PVL genes in one isolate. These findings may underscore the significance of intrinsic proteins in SAC (e.g. SC) as virulence determinants.
Hansen and coworkers [17] reported sequence diversity for numerous virulence factor genes among S. aureus and S. argenteus isolates through whole-genome analysis, and described four homology levels between the two species, i.e. 85, 90, 95 and 100 % homology in~38, 33, 17 and 4 % of genes, respectively. The high identity (almost 100%) for sak, considerably high identity (88-91 %) for spa, and lower identity (86 %) for hla found in the present study had also been shown in their study. The most striking finding in the present study was that S. argenteus has SC, protein A and alpha-haemolysin that are genetically distinct from those of S. aureus. The SC of S. argenteus was assigned to novel genotypes (coa-XIV or XId) that have rarely been found in human isolates. The coa genotype is defined by sequence diversity in the D1 and D2 regions, which contain antigenic regions and are associated with prothrombin-binding of SC [28] . Therefore, the presence of a novel coa type/subtype in S. argenteus suggests that this SC might have evolved through selective pressure with antibodies or prothrombin derived from animal species other than humans. This view is consistent with the finding that S. argenteus isolates in Thailand are related genetically to livestock-associated S. aureus [22] . The protein A of S. argenteus only had four immunoglobulin-binding domains (E, D, A and B), while S. aureus has either four or five domains (an additional C domain) [44] . It was notable that aa diversity compared with S. aureus protein A was also detected in domains E, D and A, which are mostly conserved among S. aureus [44] . Such an aa difference in S. argenteus is suggested to have binding ability to IgG that may be different from S. aureus. The alpha-haemolysins of S. argenteus were genetically distinct from those of S. aureus, and divergent aa were also located on the amino latch, b-sandwich and rim domains, which are important for the structure and function of this protein [48] . Therefore, such aa diversity is a possible cause of any functional alteration of alpha-haemolysin in humans. Similarly to SC, it could be speculated that the protein A and alpha-haemolysins of S. argenteus might have originally been adapted in non-human hosts.
The SE-like genes, selx, selw and sely of S. argenteus were also genetically distinguished from those in S. aureus, despite showing high sequence identity to S. aureus. Similarly to coa, spa and hla, chromosomally encoded SE-like genes are suggested to have evolved separately in the two species of SAC. In contrast, sak was virtually identical between these species. sak is considered to be present on the Sa3int phage [49] and to be acquired by the two SAC species [22] . The genes of the virulence factors on mobile genetic elements, PI or phage, may not show evident genetic diversity between S. aureus and S. argenteus, if the transfer event for such genetic elements occurred recently.
In conclusion, the present study revealed that S. argenteus isolates in Myanmar comprise three genetically distinct groups belonging to the novel coa-types XId (CC2250 and ST2854) and XIV (ST2198), and have protein A and alphahaemolysin genes that are genetically distinct from those of S. aureus. Further studies will be required to clarify the functional features of these virulence factors and explore the natural host of S. argenteus that allows their genetic evolution.
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